WHAT WE FOUND: During the first year after starting their cancer treatment, patients experienced a median of 44 encounter days with high variability (interquartile range [IQR] , 29 to 66). The median number of physicians involved was 20 (IQR, 14 to 28), and the median number of medications prescribed was 12 (IQR, 8 to 17). Patients treated with EBRT were the most likely to have a high burden (predicted probability, 46.8%; 95% CI, 43.3 to 50.2) compared with surgery (predicted probability, 21.6%; 95% CI, 20.2 to 23.1) and stereotactic body radiation therapy (predicted probability, 16.1%; 95% CI, 12.9 to 19.3).
BIAS, CONFOUNDING FACTOR(S), REAL-LIFE IMPLICATIONS:
This was a 1-year evaluation of health care encounter days using Medicare claims data, which do not contain covariates that may affect encounter days (cognition and severity of competing comorbidities), nor differentiate care delivered by multidisciplinary teams. Our results may not be generalizable to patients with health insurance other than fee-for-service Medicare and do not include additional treatment burden domains, such as financial or psychosocial demands. Not all encounter days are equivalent; for example, an EBRT visit is relatively short compared with an emergency department or hospitalization day. We found a substantial treatment burden exists among older patients with stage I NSCLC, which varies on the basis of treatment type and comorbidity. Interventions to minimize treatment burden are needed to improve the value and patient-centeredness of earlystage NSCLC treatment. Future work should focus on shared decision-making interventions for treatment selection and comparison of different treatment modalities and their impact on patientreported treatment burden in early-stage NSCLC. As our health care system advances toward valuebased and patient-centered care, treatment burden can potentially be an important quality measure.
INTRODUCTION
Treatment burden is an important patientcentered quality measure with increasing importance for a rapidly growing geriatric oncology population in the era of valuebased cancer care. The definition of value in health care equals the health outcome per cost. 1 In cancer care, the desired out-burden is an emerging concept that is distinct from disease burden or symptom burden that describes the work of being a patient and the impact this workload has on a patient's functioning and well-being. 2, 3 Although treatment burden is an important concept for all aspects of medical care, it is particularly important for cancer, which is associated with increasing age, intensive treatment regimens, and a variable prognosis. Prior efforts to understand treatment burden among patients with cancer have focused on treatment-related adverse effects and the time patients spend undergoing treatment. 4 Yet time is only one consideration for older adults with a new cancer diagnosis. Treatment burden matters to patients and affects compliance and satisfaction with care. 5, 6 Operationalizing treatment burden within large claims databases is a necessary first step in its development as a cancer-specific quality measure. Furthermore, understanding treatment burden will identify strategies for decreasing the work of being a patient and minimizing health care disruptions, a concept known as minimally disruptive medicine. 5 The median age at diagnosis for lung cancer is age 70 years, 7 and 66% of all Medicare patients have multiple chronic conditions-multimorbidity. 8 Patients with significant multimorbidity often describe caring for their health as full-time work when receiving care from a poorly coordinated health care system. Treatment burden that is attributable to early-stage lung cancer care is important to define and understand among older patients who often have competing health conditions and functional limitations. The magnitude and variability of treatment burden associated with lung cancer care of Medicare beneficiaries with earlystage disease has yet to be described in a rigorous quantitative manner. Care of older patients with early-stage non-small-cell lung cancer (NSCLC) is especially relevant as the incidence of the disease is predicted to increase as a consequence of new screening guidelines. Although the number of curative treatment strategies has expanded in recent years, a clear best strategy for each patient is not always certain. Conflicting evidence regarding the mortality difference between surgery and radiation creates uncertainty in treatment decision-making, particularly among adults who may not tolerate surgery. [9] [10] [11] [12] [13] Informing patients about the treatment burden of different treatment options is actionable information that clinicians can incorporate into shared decision-making.
To address these knowledge gaps, we evaluated treatment burden in a sample of Medicare beneficiaries who were diagnosed with early-stage NSCLC. We used Medicare claims to operationalize the quantity and variability of treatment burden, which we defined as total encounter days, physicians seen, and medications prescribed. We also determined the probability of experiencing high treatment burden on the basis of treatment type and comorbidity.
METHODS

Study Design and Data Source
Using the SEER-Medicare linked database, we performed a retrospective cohort study to determine cancer-related treatment burden among patients who received definitive treatment of early-stage NSCLC from 2007 to 2011. We incorporated a matched, non-cancer comparison group to estimate the magnitude of treatment burden that was attributable to lung cancer treatment. We used Medicare data to operationalize treatment burden as encounter days, physicians seen, and medications prescribed, by using the following fee-for-service claims files: MedPAR (inpatient hospitalizations, including skilled nursing facilities), Outpatient, Carrier (physician and supplier services), Home Health Agency, and Part D Drug Events.
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Study Sample
We identified patients age 67 to 94 years who were diagnosed with stage I NSCLC from 2007 to 2011 and who received surgery-lobectomy, wedge resection, or sublobar resection-or radiation-stereotactic body radiation therapy (SBRT) or external beam radiation therapy (EBRT), including intensitymodulated radiation therapy. Patients must have initiated treatment within 6 months of diagnosis, and the date of treatment initiation must have been on or before December 31, 2011, to allow for a full year of follow-up claims. Patients had to be enrolled in Medicare fee-for-service Parts A and B for 24 months before diagnosis through 12 months after treatment initiation or death, whichever occurred first. Patients with an unknown month of diagnosis or with a diagnosis from autopsy or death certificate were excluded. Patients were excluded if they received both surgery and radiation or multiple types of radiation to describe the treatment burden associated with each curative treatment modality. We excluded patients who did not receive treatment or who had treatment claims with a diagnosis code for metastasis as this study focused on curative treatment. SBRT and surgery were presumed for curative intent as this cohort was restricted to stage I NSCLC.
We selected a matched, non-cancer comparison group from the 5% random sample of Medicare beneficiaries to determine the treatment burden associated with the usual (non-cancer) care of Medicare beneficiaries. Each member of the comparison group was randomly assigned to an index date during each year (2007 to 2011) during which they were alive and fulfilled the same enrollment criteria as did the patients with cancer. To assess treatment burden among controls who were similar to the matched patients with cancer on the basis of several matching covariates, we assigned a pseudo treatment date of 50 days after their index date, because the median length of time between diagnosis and cancer treatment initiation was 50 days. Each patient with cancer was matched with two patients without cancer without replacement. Each patient without cancer only appeared in the final data set once, using the following factors: age, sex, year, number of comorbid conditions, SEER region, and number of doctor visits in the year before the index date.
Outcome Variables
Treatment burden was defined as the cumulative number of days that adults were in contact with the health care system (encounter days), number of physicians seen, and the number of medications prescribed. We categorized encounter days into two categories: acute care (emergency department visits and short-stay hospitalizations) and outpatient care (all outpatient visits, including diagnostic testing and radiation therapy visits). We aggregated the total number of encounter days for each patient and divided the number of encounter days across patients into quartiles. We defined a priori high treatment burden as having total encounter days in the top quartile, which corresponded to $ 66 encounter days. We created a dichotomous outcome that represented whether a patient was in the highest quartile of overall encounter days. We tallied the number of physicians who were involved in each patient's care on the basis of the National Provider Identifier. We excluded providers who would not interact directly with the patient, such as pathologists. We determined the number of unique prescription medications prescribed by using the generic drug name in Medicare Part D data. Only patients with Part D coverage were included in the prescription analysisapproximately one half of the sample.
We measured encounter days during two time periods, each lasting 365 days: pretreatment (18 through 6 months before treatment initiation) and post-treatment (the year after treatment initiation). Treatment initiation was defined as the date of surgery or first radiation treatment. We did not assess encounter days in the 6 months before treatment initiation, as we did not want to capture the NSCLC diagnostic period. To calculate cancer-related encounter days we subtracted the pretreatment encounter days from the post-treatment encounterdays. We calculated 30-day and 90-day mortality starting from the last day of the treatment burden assessment period, and we calculated 1-year mortality from the date of diagnosis.
Covariates Comorbid conditions were assessed by using Medicare claims in the 24 through 3 months before diagnosis. We searched for International Classification of Diseases, 9th Revision, diagnosis codes for the conditions recommended by Elixhauser et al 15 that were previously found to be significantly associated with survival in a sample of patients without cancer. We selected International Classification of Diseases, 9th Revision, codes that appeared on one or more inpatient claim or on two or more outpatient and/or physician claims billed $ 30 days apart. To estimate life expectancy, we used a sample of patients without cancer from the Medicare 5% random sample and constructed age-and comorbidity-specific life tables using the annual mortality rates. 16 
Statistical Analysis
To quantify cancer-related treatment burden, we calculated the difference in total, acute, and outpatient encounter days, physicians, and medications for each patient between the two time periods. For patients with and without cancer, separately, we calculated the median difference of encounter days and 95% CI of this difference to determine whether the difference was significantly different from zero. We calculated the median and interquartile range (IQR) for each outcome variable during each time period for patients with and without cancer. For the number of encounter days, physicians seen, acute care days, and medications, we also calculated the median in the post-treatment period across strata of age, sex, comorbidity, life expectancy, and treatment type. We used the Kruskal-Wallis test for nonparametric data to test for differences in each outcome variable across the strata of covariates.
By using logistic regression, we determined the association between patient characteristics, treatment type, and high treatment burden-defined as the highest quartile of encounter days, $ 66 encounter days. For the final adjusted model, we only retained covariates that were significantly associated with high treatment burden (P , .05). We also included an interaction term for comorbidity group and treatment type. Logistic regression models accounted for clustering at the level of hospital referral region by using the SAS GLIMMIX procedure with hospital referral region as a random effect. We used the -margins-command in STATA (STATA, College Station, TX; Computing Resource Center, Santa Monica, CA) to calculate the predicted probability of high treatment burden on the basis of treatment type and number of comorbidities. All analyses were conducted using SAS (SAS/STAT User's Guide, Version 9.4; SAS Institute, Cary, NC) and STATA version 14. The Yale Human Investigations Committee determined that this study was not human participants research. (Table 1) . Patients received surgery (76.4%), SBRT (10.1%), or EBRT (13.5%). Overall, 30.4% of patients had three or more comorbidities and . 80% had a life expectancy of $ 5 years. During the first 60 days of treatment, an average of 1 in 3 days was spent interacting with the health care system. Cumulative encounter days for adults without cancer increased at a steady rate, spending 1 in 12 days interacting with the health care system in the same 60-day time period (Fig 1) . During the 12 months post-treatment, the NSCLC group spent 44 encounter days (IQR, 29 to 66) interacting with the health care system compared with 19 encounter days (IQR, 10 to 34) in the pretreatment period (Table 2) . Patients spent a median of 9 days (IQR, 5 to 20) in the hospital. Adults with NSCLC had a median number of 20 physicians (IQR, 14 to 28) who were involved in their care (Table 2 ). In the 12 months post-treatment, patients received care from a median of three general practitioners (IQR, 1 to 5), one cancer treatment specialist (IQR, 1 to 2), three non-cancer specialists (IQR, 1 to 5), and seven radiologists (IQR, 4 to 9). The median number of medications prescribed was 12 (IQR, 8 to 17), of which three (IQR, 3 to 3) were during the 12 months post-treatment.
RESULTS
We identified 7,955 Medicare patients (mean age, 76 years) who weretreated for stage I NSCLC
Treatment burden varied by treatment type. Patients who received surgery had a median of 20 (IQR, 8 to 38) cancerrelated encounter days compared with 13 (IQR, 2 to 30) and 42 (IQR, 24 to 61) for SBRT and EBRT, respectively (P , .001; Table 2 ). The number of physicians seen was 15 (IQR, 9 to 23) for surgery and was lower for each type of radiation (P , .001). The number of medications was similar across treatment types. In the adjusted multivariable model, patients who were treated with surgery had a 21.6% (95% CI, 20.2 to 23.1) predicted probability of experiencing high treatment burden compared with 16.1% (95% CI, 12.9 to 19.3) and 46.8% (95% CI, 43.3 to 50.2) with SBRT and EBRT, respectively. High treatment burden and treatment type varied by the number of comorbidities (interaction P , .001). Patients with three or more comorbidities who were treated with surgery had a 35.8% predicted probability of experiencing high treatment burden compared with 29.0% for adults who were treated with SBRT (Appendix Fig A1, online only) . There was no significant difference in treatment burden between surgery and SBRT among adults with fewer than three comorbidities ( Fig  A1) . Patients who were treated with EBRT had the highest probability of high treatment burden as a result of the increased number of required treatment days.
In the multivariable model, a greater number of comorbid conditions was associated with higher treatment burden. The predicted probability of experiencing high treatment burden for adults with three or more comorbidities was 37.3% (95% CI, 34.8% to 39.7%) compared with 22.0% (95% CI, 20.3 to 23.7) with one to two comorbidities and 14.5% (95% CI, 12.7 to 16.4) with no comorbidities.
Observed 1-year mortality was 13.4% for all patients who were treated for early-stage NSCLC and 19.4% for those with multimorbidity. Seventeen percent of patients had a life expectancy of , 5 years. After the treatment burden assessment period, patients' 30-day and 90-day mortality was 16.6% and 18.5%, respectively. For patients who died and survived the 12-month post-treatment period, the IQR of encounter days was wide. Patients with NSCLC who survived experienced a median of 41 encounter days (IQR, 28 to 60) compared with 55 encounter days (IQR, 34 to 83) for patients who died.
DISCUSSION
Adults who were treated for early-stage NSCLC experienced substantial treatment burden related to cancer care. Medicare beneficiaries spent an average of 1 in 3 days during the first 60 days of treatment interacting with the health care system. There was significant variation in treatment burden among patients who survived the full year and among those who died within 12 months post-treatment initiation. Among adults with multimorbidity, SBRT had significantly lower treatment burden compared with surgery in terms of total encounter days, hospital days, and physicians involved in care. Patients with multimorbidity have competing risks, which will result in higher treatment burden if a more invasive treatment option, such as surgery, is chosen over a less invasive treatment option, such as SBRT. EBRT was associated with the highest treatment burden because of the increased number of outpatient treatments required. EBRT requires several more treatment days compared with SBRT or surgery, which explains the higher number of encounter days. The probability of experiencing high treatment burden was greatest among patients with three or more comorbidities and among patients who were treated with EBRT. This is the first study, to our knowledge, to characterize treatment burden in terms of touches with the health care system among patients who were treated for early-stage NSCLC. With an aging, worldwide, cancer patient population, understanding the work of being a patient will become increasingly important.
Treatment burden is an important patient-centered quality measure, as it has the potential to guide clinician and patient treatment decision-making. [9] [10] [11] Even with the best, newest, and most expensive cancer treatments, clinicians often cannot substantially improve mortality, but minimizing treatment burden is actionable and can have a dramatic impact on a patient's quality of life. Risks and costs of therapeutic choices have traditionally been part of discussions with patients; we believe that treatment burden should also be discussed, as it allows for tailoring the treatment delivery plan to aligned with the patient's priorities and functional capacity. Each additional complexity, whether it is an extra medication or additional outpatient visit, increases the risk of potential errors and adverse events. Future studies should prospectively validate treatment burden measures among patients with early-stage and advanced lung cancer, particularly among older patients with multimorbidity and functional limitations. Treatment burden should also be correlated with health outcomes, such as medication adverse events and quality of life.
The goal of minimally disruptive medicine is to alleviate treatment burden on patients and their caregivers by tailoring treatment regimens to fit the realities of people's daily lives and at the same time preserve their health goals. 5 Even though this study was restricted to patients with early-stage disease, 17% of patients had a life expectancy of , 5 years and 19.4% of those with multimorbidity were deceased at 1 year. Many patients with multimorbidity will have a limited amount of lifetime post-treatment, which underscores the need for actionable strategies to minimize treatment burden. Patients should spend less time interacting with the health care system and more time on higher priority experiences. Expecting patients to spend 1 in 3 days interacting with the health care system may not be reasonable, particularly older patients with functional limitations. This study demonstrates a more complete understanding of treatment burden by using administrative claims, challenging physicians and health care systems to improve coordinated health care delivery and patient-centered care.
Minimizing treatment burden will improve value-based cancer care. The encounter days, physician visits, and medications currently required for cancer care are not only burdensome but can affect adherence to the treatment program and/or the ability of patients to face life demands that are unrelated to health care. When clinicians better understand the treatment burden that is placed on the patient and the limitations in addressing treatment demands, the health care community can identify how best to streamline care and to practice minimally disruptive medicine. 5, 17, 18 Similar to chronic illness and a decreased life expectancy, the presence and complexity of treatment burden has important implications for screening decisions in the aging population. 19 New screening guidelines will likely result in Time From Treatment Initiation (days) Mean Cumulative Encounter Days C a n c e r-re la te d tr e a tm e n t b u rd e n * N o n -c a n c e r-re la te d tr e a tm e n t b u rd e n FIG 1. Medicare encounter days 1 year after curative treatment of stage I non-small cell lung cancer. *Cancer-related treatment burden was determined by subtracting the non-cancer-related encounter days in the year before treatment initiation from the total encounter days in the year after treatment initiation. increased detection and subsequent treatment of early-stage lung cancers among older adults. [20] [21] [22] In the National Lung Screening Trial, 50% of cancers diagnosed with computed tomography scan were early stage. 23 Older adults need to make decisions about screening with a clear understanding of the overall burden that is associated not only with screening and diagnosis, but the consequences of treatment. 21, 23 There are several limitations to this study. Medicare claims data do not contain covariates that impact encounter days (cognition and severity of competing comorbidities), nor does the data differentiate care delivered by multidisciplinary teams. Furthermore, our results may not be generalizable to patients with health insurance other than fee-for-service Medicare. Our data source does not include qualitative measures of treatment burden. Only recently have tools that are based on the burden of treatment theory become available to directly measure qualitative treatment burden. 3 Not all encounter days are equivalent; for example, an EBRT visit is relatively short compared with an emergency department or hospitalization day. Treatment burden is a multidimensional framework that includes additional domains, such as financial and psychosocial demands, that were not included in this study.
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In conclusion, we demonstrated a substantial treatment burden exists among older patients with stage I NSCLC, which varies on the basis of treatment type and comorbidity. Interventions to minimize treatment burden are needed to improve the value of early-stage NSCLC treatment. Future work should focus on shared decision-making interventions for treatment selection, comparison of different treatment modalities and their impact on patient-reported treatment burden in early-stage NSCLC, and identifying interventions that will streamline care delivery. As our health care system advances toward value-based and patient-centered care, treatment burden will be an important quality measure in addition to traditional clinical outcomes.
